(See introductory commentary by Livorsi et al, Infections are among the most common complications of hospital care and a leading cause of death in the United States. Multidrug-resistant organisms (MDROs) cause more than 2 million infections each year, with >1% of those resulting in death.
(See introductory commentary by Livorsi et al, pages 186-188.) Infections are among the most common complications of hospital care and a leading cause of death in the United States. Multidrug-resistant organisms (MDROs) cause more than 2 million infections each year, with >1% of those resulting in death. 2 Risk factors for healthcare-associated infections (HAIs) include patient characteristics (eg, cognitive impairment, spinal cord injury, or end-stage renal disease), medical treatments (eg, recent antibiotic exposure, indwelling medical devices, or dialysis), the type of care received (eg, dementia care, wound care, or rehabilitation), and the setting in which the care is delivered (eg, long-term care setting, spinal cord injury unit, or dialysis center).
Most knowledge about preventing HAIs due to MDROs comes from acute-care settings. Translating this knowledge to individuals and settings outside of hospital wards presents significant challenges. Specifically, protocols commonly used to reduce the risk of HAI and MDROs may not apply to or may be inadequate for meeting the needs of clinical staff and patient populations outside the general acutecare setting. Consequently, identification of effective practices to provide safe healthcare for patients in other settings is needed. Here, we discuss recommendations for prioritizing the research agenda for special populations and for healthcare services offered in settings beyond typical inpatient hospital units.
special populations included
The workgroup prioritized selected populations in preventing and managing HAIs and MDROs. The populations included long-term care (LTC), spinal cord injury/disorder (SCI/D), rehabilitation, mental healthcare, ambulatory care, and homebased care. An 'other' category permitted group members to specify other population(s) they deemed important. In the initial round of prioritizing the research agenda for different populations, the working group ranked LTC residents first, followed by SCI/D, ambulatory care (including emergency departments and urgent care), rehabilitation, mental health, and home-based care. Two additional populations emerged, those who receive dialysis and those in hospice care. The working group further refined and grouped the populations as follows: (1) LTC including rehabilitation units, (2) SCI/D, (3) ambulatory care, (4) dialysis, (5) home-based care and hospice, and (6) mental health.
Despite disparate clinical needs, the type of care involved with LTC and SCI/D populations was similar enough to warrant crossover of evidence-based approaches for HAI and MDRO prevention. These similarities include assistance with activities of daily living, home-like environment in certain settings, long lengths of stay, and the presence of indwelling medical devices. Finally, discussion among group members during the in-person meeting identified notable variability in the level of evidence available for HAI and MDRO prevention for the 6 populations listed here. Together, these knowledge gaps informed the working group's recommendations for research; they are summarized below and are detailed in Table 1 .
discussion and recommendations
Briefly, data describing the epidemiology and current practices regarding HAIs and MDROs in LTC and SCI/D populations are limited; best practices specific to these settings have not yet been established. The LTC and SCI/D populations have commonalities in identified research needs. Both MDROs and infections are common in these populations, but distinguishing colonization and infection is difficult. Criteria to make these distinctions needs to be strengthened with true urinary tract infection versus asymptomatic bacteriuria as a key area. Clinical decision-making is critical both for providing effective and timely antibiotic treatment and for preventing unnecessary treatment. In addition, research is needed to identify the most effective strategies for promoting antibiotic stewardship and judicious use of diagnostic tests. 3 Data are also limited on the contribution of the healthcare environment, fomites and person-to-person contact that may contribute to transmission. 4 In LTC and SCI/D settings, person-to-person contact includes both interactions between staff and patients during routine care activities as well as spontaneous social interactions among patients, and sometimes staff, such as handshakes and hugs. Patients or residents in LTC or SCI/D settings are encouraged to participate in recreational and social activities ensuring mobility and a home-like environment. These activities make the transmission of MDROs even more complex because of the potential for multiple reservoirs. 5 The role of the patient, fomites, and the environment in transmission of MDROs needs to be further studied in these settings. In addition, optimal approaches are needed for implementing transmission-based precautions such as targeting those at highest risk (ie, those with wounds or devices). Management of urinary catheters as a priority research need was identified, including developing and implementing best practices for urinary catheter placement and management in a population that may be chronically catheterized. Finally, studies on the role of transitions between different healthcare settings on the spread of MDROs as well as strategies for mitigation at point of transition (eg, enhanced communication, stewardship extending beyond hospitalization) are needed.
For ambulatory care, dialysis, mental health, home-based care and hospice settings, the working group found very little evidence to inform current infection prevention and control practices. Furthermore, the working group found a paucity of data addressing even basic epidemiology in these settings.
Research targets for different ambulatory care settings (eg, hemodialysis, home care, dentistry) include assessing the prevalence and determining risk factors for HAIs and MDROs, determining adherence to the Centers for Disease Control and Prevention guidelines for infection prevention for outpatient or dialysis settings (ie, environmental cleaning), assessing barriers and facilitators to current recommended infection prevention practices in these settings, and testing new or adapted interventions to promote effective infection prevention. While studies to improve antibiotic use in the general outpatient setting have been conducted, the impacts on the reduction of MDROs, program sustainability, and large-scale implementation, as well as in select outpatient settings (ie, dialysis) have not been rigorously evaluated. 3 In addition, for home-based care, there is a need to determine several factors: (1) the rates of acquisition of MDROs at home compared to healthcare settings; (2) the risk of transmission by healthcare workers when entering patients' homes, including the impact of the environment on transmission and best practice for cleaning of reusable equipment; and (3) best practice for urinary and intravascular catheter care. In the hospice environment, antibiotic use at end-of-life is an important issue. Specific needs include understanding the optimum route of administration, dosing frequency, and antibiotic classes used at the end of life, determining whether they reduce patient discomfort, and the potential contributions of hospice patients and their healthcare workers in the spread of MDROs. For mental health, other than evidence regarding influenza prevention for inpatient mental health units, few data exist on HAI and MDRO colonization or infection prevalence. This lack of data highlights a research need for epidemiology studies and point-prevalence surveys to inform recommendations for HAI and MDRO prevention in short-and long-stay psychiatric units. In addition, because of the unique restrictions in some psychiatric units, such as prohibition of alcohol-based hand gels, research is needed to test strategies to improve hand hygiene compliance when access to alcohol gel is restricted.
In conclusion, our expert group identified fundamental knowledge gaps related to prevention of HAIs and MDROs for patient populations that receive care in settings outside of acute care. In turn, these gaps suggest research priorities with the long-term goal of improving patient safety by reducing risks related to developing HAIs and acquiring MDROs. To date, most of the research to understand and prevent HAIs or MDROs has focused on acute-care populations. These gaps limit the external validity and generalizability to patients and settings that differ from most medical, surgical, or intensive care units in hospitals.
The populations and settings identified by our working group have unique patient care goals that require different infection prevention strategies from those used in most acute care settings. This is evident in Department of Veterans Affairs' innovative national program to reduce the spread of methicillin-resistant Staphylococcus aureus (MRSA). 6 Although this was a nationwide healthcare initiative, the need to implement infection control practices, such as contact precautions, was in line with patient care goals in diverse settings, such as LTC and SCI units. [7] [8] [9] [10] This effort highlighted the need for modified guidelines for implementation of the MRSA program in these units; a key component was sustaining a home-like • Evaluate the role of fomites and the environment in MDRO transmission 2, 3 • Identify optimal approach (eg, when to use gowns and gloves) to implementing transmission-based precautions in these settings, including among high-risk patients such as those with wounds/devices 4 • Develop best practices related to urinary catheter placement, management, including how frequently chronic urinary catheters should be routinely changed 4 Ambulatory care b
Limited data describe risk of acquiring HAI/MDRO in these settings and current infection prevention practices in use.
• Assess prevalence and determine risk factors for HAI and MDROS
1-3
• Assess adherence to current practices based on CDC guide to infection prevention for outpatient settings (ie, education and training, surveillance process activities, hand hygiene programs, environmental cleaning)
1-3
• Assess barriers and facilitators to current recommended IPC practices • Determine best practice for cleaning of reusable medical equipment [2] [3] [4] • Assess best practice for urinary and intravascular catheter care in home care [2] [3] [4] • Determine whether there is any benefit for antimicrobial use in hospice or a need for stewardship 4 • Determine whether there is any benefit for MDRO screening or decolonization in these settings 4 Mental health (inpatient and outpatient)
• Primary infections in mental health are S. aureus, influenza, scabies and norovirus • Alcohol-based hand gel placement limited in inpatient settings
• Assess the epidemiology of key infectionsStaphylococcus aureus, influenza, scabies, norovirus 1
• Test strategies to improve hand hygiene compliance when access to alcohol gel are restricted. environment while supporting patient safety. [7] [8] [9] [10] Our workgroup identified similar issues as a critical part of the research agenda for LTC and SCI populations.
For ambulatory care, dialysis, mental health, home-based care, and hospice care settings, the research needs appear to be even more basic given a general dearth of information about current infection prevention and control practices in these areas. Moreover, patients in these special populations or settings are often treated by specialists who have their own society guidelines. Even with national infection control and prevention policies or initiatives, these recommendations often do not filter down to specialty care providers. Further collaboration between internal medicine, geriatrics, nursing, and specialty care providers will help identify needs for and, ultimately, facilitate the implementation of practice changes.
Finally, additional factors that affect the complexity of special populations and their care environments, such as long lengths of stay, group therapy or activities, and multiple-bed rooms or units, can further complicate the prevention and management of HAIs and MDROs. We believe that addressing these issues as well as the questions outlined in this research agenda are essential steps toward reducing infection risk and improving patient care beyond the general acute-care setting.
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